ABSTRACT BACKGROUND: Prior research has shown that rates of persistence and compliance with osteoporosis therapies are associated with significantly fewer vertebral, nonvertebral, and hip fractures. A number of studies have examined medication-taking behavior with oral bisphosphonates and teriparatide, and these 1-year persistence rates have ranged from 39.9% to 56.7%. Limited real-world data are available regarding persistence and compliance rates with newer therapies such as denosumab, a RANK ligand inhibitor administered every 6 months as a subcutaneous injection.
METHODS: Health insurance claims data derived from Truven Health Analytics MarketScan Commercial Claims and Encounters and Medicare
Supplemental and Coordination of Benefits databases (2010-2013) were used to conduct this retrospective cohort study. Adult females aged 18 years and older newly initiated on denosumab, raloxifene, teriparatide, or oral bisphosphonates (alendronate, ibandronate, or risedronate) between January 1, 2012, and March 31, 2012, were identified for inclusion. The date of the first qualifying osteoporosis prescription claim was defined as the index date. Patients were required to have at least 24 months of pre-index and at least 12 months of post-index continuous enrollment with medical and pharmacy benefits. Outcomes of patients initiating zoledronic acid (administered intravenously once yearly) were not assessed because a 12-month follow-up period would be insufficient for tracking persistence and compliance for this medication. Patients with Paget's disease of the bone, osteogenesis imperfecta, hypercalcemia, malignant cancer and metastasis, human immunodeficiency virus, and patients receiving preventive treatment for risk of breast cancer or denosumab in the pre-index period were excluded from the study. A subcohort of women aged 50 years and older at high risk for fracture (indicated by 1 or more of the following: aged ≥ 70 years, a pre-index fracture, or pre-index use of osteoporosis therapy that was discontinued at least 3 months prior to index) was analyzed separately. Propensity score weighting was used to adjust for differences in baseline demographic and clinical characteristics. Persistence, indicated by continuous use of the index therapy without a gap of 60 days or more; medication coverage ratio (MCR), the proportion of days covered by the index therapy; and compliance, defined as an MCR ≥ 0.80, were assessed during the 12-month follow-up. Logistic regression was used to estimate the odds of persistence and compliance for the treatment groups of interest. RESULTS: 10,863 female patients newly initiating osteoporosis medications (mean [SD] age: 66.2 [11.5] years) were identified. In the pre-index period, 35.8% of patients had a diagnosis of osteoporosis, while 11.5% had a diagnosis of osteopenia. Pre-index osteoporosis treatment was identified in 29.1% of patients, and 13.6% had an osteoporosis-related fracture in the
R E S E A R C H
• Persistence and compliance with osteoporosis therapies is associated with significantly fewer vertebral, nonvertebral, and hip fractures.
• A number of studies have examined persistence with oral bisphosphonates and teriparatide, and 1-year persistence rates have ranged from 39.9% to 56.7%.
• Limited real-world data are available regarding persistence and compliance with newer osteoporosis therapies, such as denosumab, a RANK ligand inhibitor administered every 6 months as a subcutaneous injection.
What is already known about this subject
• This U.S.-based, retrospective, observational cohort study assessed persistence and compliance among women diagnosed with osteoporosis following initiation of osteoporosis medications including denosumab, alendronate, ibandronate, risedronate, raloxifene, and teriparatide.
• Results show that rates of real-world persistence and compliance with osteoporosis therapies vary considerably across therapies.
• Patients receiving treatment with denosumab had considerably higher rates of persistence and compliance compared with patients treated with other therapies.
Other studies found that a once-monthly dosing regimen of oral bisphosphonates was associated with less adherence failure and improved persistence rates compared with once-daily or once-weekly administration of bisphosphonate therapy. 16, 17 Together, these studies suggest that reduced dosing frequency may play an important role in improving adherence and persistence with therapy among osteoporotic patients. In a 2-year randomized crossover study, postmenopausal women with osteoporosis were more persistent and compliant when treated every 6 months with subcutaneous denosumab than with once-weekly alendronate tablets. 18, 19 A recent prospective, multicenter, observational study examining persistence with denosumab in routine community practice in the United States and Canada found 80% persistence at 12 months. 20 While these studies suggest that denosumab may be associated with improved persistence and compliance, gaps in the literature remain, especially evidence based on observational data from real-world clinical practice. In the present study, we seek to evaluate real-world persistence and compliance in osteoporotic women over a 12-month period following treatment initiation with osteoporosis therapies representing a range of dosing schedules.
■■ Methods Data Source
This retrospective study used data from the Truven Health Analytics MarketScan Commercial Claims and Encounters (Commercial) and the Medicare Supplemental and Coordination of Benefits (Medicare) databases for the period January 1, 2010, to March 31, 2013 . The MarketScan databases include fully adjudicated medical and pharmacy claims for approximately 40 million individuals from over 160 large employers and health plans across the United States in 2010. Major data contributors include employers and health plans that cover employees and their dependents through a variety of insurance plan structures including fee-for-service (FFS), fully capitated, and partially capitated health plans that include preferred provider organizations (PPOs) and health maintenance organizations (HMOs). Medical claims are linked to outpatient prescription drug claims and person-level enrollment data through the use of unique enrollee identifiers. The Medicare database contains data reflecting the health care experiences of individuals with Medicare supplemental insurance paid for by employers and is representative of the national population of retirees with both Medicare and supplemental employer-sponsored health coverage. Both databases provide detailed cost, utilization, and outcomes data for health care services performed in inpatient and outpatient settings. The patient data used in this analysis were de-identified in compliance with the Health Insurance Portability and Accountability Act regulations; therefore, the study was not subject to institutional review board approval. O steoporosis is a chronic, systemic condition characterized by low bone mass and deterioration of bone tissue that increases the risk for fracture. 1 The lifetime risk of osteoporosis-related fractures is estimated to be 40%-50% in women diagnosed with osteoporosis. 2 The goal of osteoporosis therapy is the prevention or reduction of bone fractures, which is accomplished by managing bone density. 3 Current treatment options include bisphosphonates, selective estrogen receptor modulators (SERMs), recombinant parathyroid hormone analogues, and monoclonal antibody. Dosing schedules vary widely among available therapies: from once daily (e.g., bisphosphonates, raloxifene, and teriparatide), to once weekly (e.g., bisphosphonates), every 3 months (e.g., ibandronate), every 6 months (e.g., denosumab), or once yearly (e.g., zoledronic acid). A study of gaps in therapy among patients treated for osteoporosis found that of 40,002 newly treated patients from 1996 to 2002, 67% had at least one 60-day period in which no days were covered by any osteoporosis medication. 4 Within 1 year of treatment initiation, approximately half of patients taking oral therapies discontinue treatment. 5, 6 It is apparent, then, that there is a need to improve continued use of early osteoporosis therapy.
The Medication Adherence and Persistence Special Interest Working Group of the International Society for Pharmacoeconomics and Outcomes Research defines medication persistence as "the duration of time from initiation to discontinuation of treatment" and defines adherence or compliance as "the extent to which a patient acts in accordance with the prescribed interval, and dose of a dosing regimen." 7 Previous research has shown that persistence and compliance with osteoporosis therapy are suboptimal despite the fact that better persistence and compliance are associated with significantly fewer fractures. [8] [9] [10] A systematic review of 17 publications examining compliance and persistence data from retrospective/observational studies found that low compliance and persistence rates are associated with higher rates of fracture.
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While most available osteoporosis therapies are generally well tolerated, potential adverse effects may limit use of some medications. For example, gastrointestinal adverse effects are a commonly cited reason for bisphosphonate discontinuation. 12 Other factors potentially associated with nonpersistence include frequent dosing (e.g., daily or weekly dosing), younger age, and concomitant medication use. 13 In recent years, new osteoporosis therapies have become available with less frequent oral dosing administration; however, real-world persistence and compliance data for these therapies are limited. Dosing frequency has been associated with improved compliance and persistence with oral weekly and monthly bisphosphonate therapy; yet, frequent dosing has been cited as a reason in osteoporosis patients for nonpersistence. 14 In a study comparing compliance and persistence, weekly alendronate users showed significantly higher medication compliance than did daily users. Moreover, weekly users .01) in the pre-index period were excluded. Those with a diagnosis of cancer or metastasis prior to a medical claim for denosumab in the post-index period were also excluded , since it may be assumed that such patients were treated with denosumab for bone problems secondary to cancer rather than osteoporosis.
As a subgroup analysis, women aged 50 years and older at high risk for fracture were identified from our overall study population and analyzed separately. For this group, high fracture risk was indicated by 1 or more of 3 criteria: aged ≥ 70 years, a pre-index fracture, or pre-index use of osteoporosis therapy that was discontinued at least 3 months prior to index.
Measures
Patient demographic characteristics as of the date of index were captured and included age, health plan type, geographic region, primary payer (commercial or Medicare supplemental), and urban residence. Clinical characteristics measured during the 24-month baseline period included the Deyo-Charlson Comorbidity Index (CCI) score (an aggregate measure of comorbidity using select diagnoses associated with chronic disease); number of unique outpatient medications prescribed; number of unique ICD-9-CM codes at the 3-digit level; and diagnosis of osteoporosis, osteopenia, renal insufficiency, gastrointestinal disorders, coronary heart disease, and osteoporosis-related fracture.
Persistence (measured as the proportion of patients who received the index therapy during the follow-up period without exceeding a gap of 60 days following the end of the days' supply of the last observed claim for the index therapy 4 ); medication coverage ratio (MCR; measured as the total days supplied from all refills of the index therapy during the follow-up period, divided by 365 days for each patient); and compliance (measured as the proportion of patients with an MCR ≥ 0.80) were measured during the 12-month follow-up period. 21, 22 The first subsequent claims for denosumab appearing within 90 days of the index claim were excluded from the assessment of persistence and compliance outcomes to minimize the possibility of including potentially duplicate claims. The MCR is conceptually equivalent to the medication possession ratio (MPR)-both refer to the proportion of time patients have Naïve to index therapy (total study population) N = 10,863 
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access to a medication. However, because our study includes injectable medications that may be administered by health care professionals, we used MCR instead of MPR to describe the medication days "covered" during the follow-up period.
Primary Statistical Analysis
The different treatment cohorts were weighted by the propensity score to achieve balance in various patient demographic and clinical characteristics. Subsequent multivariable analyses were also propensity score weighted. 23 The benefits of propensity score weighting versus matching have been discussed in the literature. 24 Due to the number of treatment cohorts considered in the present study, the statistical optimality of weighting over matching was considered against the potential loss of patients that can occur in matching. Briefly, the propensity score weighting approach offered the benefit of conservation of size of the treatment cohorts, insofar as-in propensity score matching with nearest neighbor or with a caliper-it is possible that a patient in 1 treatment cohort might not be suitably matched with a patient in the comparator or reference group and, thus, is excluded from analysis. Moreover, an inconsistency with matching is possible. For instance, one patient in the comparator group might be suitably matched with a patient in another treatment group, whereas that same patient might not be suitably matched with a patient in a third, fourth, or fifth treatment group. This can then result in the composition of the comparator patient group varying as a function of the treatment used in the comparison.
Covariates included in the propensity score weighting model were age, health plan type, U.S. Census region, urban residency, payer (commercial or Medicare), and the following baseline clinical characteristics: CCI score; number of unique 3-digit ICD-9-CM codes; number of unique outpatient medications prescribed; number of unique osteoporosis medications prescribed; and diagnosis of osteoporosis, osteopenia, renal insufficiency, gastrointestinal disorders, and osteoporosisrelated fracture. All study measures were summarized using descriptive statistics. Categorical measures were presented as counts and percentages. Continuous measures were presented as means and standard deviations (SD). Chi-square tests and analysis of variance (ANOVA) were conducted to test the significance of differences between the treatment cohorts in study measures, with P value < 0.05 considered significant.
Logistic regression was used to estimate the weighted persistence and compliance outcomes. A priori, a set of model covariates were selected for their possible influence on the outcomes. The models adjusted for age, health plan type, U.S. Census region, urban residency, and the following baseline/ 
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pre-index clinical characteristics: CCI score; number of unique outpatient medications prescribed; diagnosis of osteoporosis, osteopenia, renal insufficiency, gastrointestinal disorders, coronary heart disease, and osteoporosis-related fracture; copayment/coinsurance amount for the index therapy; and the index therapy. The nominal level of statistical significance for all tests was set at 0.05.
Sensitivity Analyses
To evaluate the robustness of our primary results, we undertook a series of 2 sensitivity analyses. First, because the required period of continuous pre-index enrollment for our primary study population was rather lengthy (24 months), we replicated our analysis within a subcohort of patients with only 6 months of continuous pre-index enrollment (all remaining selection criteria from the primary analysis applied). Second, to evaluate whether our persistence results were sensitive to the duration of the allowable gap of 60 days, analyses using 30-and 90-day gap allowances in the definition of persistence were also conducted. 5, 25 Coefficients from each model were plotted to assess agreement.
■■ Results

Patient Disposition
A total of 326,167 patients were identified with at least 1 prescription or medical claim for an osteoporosis medication of interest (i.e., alendronate, ibandronate, risedronate, denosumab, raloxifene, and teriparatide) between January 1, 2012, and March 31, 2012. Of 326,167 patients newly initiated on alendronate, ibandronate, risedronate, denosumab, raloxifene, or teriparatide between January 1, 2012, and March 31, 2012, the final cohort that met the selection criteria consisted of 10,863 patients ( Figure 1 ). Of these, 5,458 (50.2%) patients were treated with alendronate; 1,696 (15.6%) received ibandronate; 1,341 (12.3%) received risedronate; 1,235 (11.4%) received denosumab; and 805 (7.4%) and 328 (3.0%) patients were treated with raloxifene and teriparatide, respectively (Table 1) . Table 1 presents the demographic characteristics of the study population by treatment cohort. The mean (SD) age of patients in the study population was 66.2 (11.5) years. Most patients (85.8%) resided in an urban area, and 37.8%, 26.1%, and 21.3% were from the South, North Central, and West U.S. Census regions, respectively. The majority of patients (56.0%) were insured commercially, while the remainder had Medicare supplemental insurance (44.0%). Overall, 42.5% of patients were enrolled in a PPO; 27.0% were enrolled in a comprehensive health plan; and 14.3% were enrolled in an HMO. Table 2 displays the baseline clinical characteristics of the study population by treatment cohort. Slightly more than onethird (35.8%) of the overall study population had a diagnosis of osteoporosis, while 11.5% had a diagnosis of osteopenia during the pre-index period. Overall, 29.1% had evidence of osteoporosis therapy in the pre-index period, and 13.6% had evidence of a pre-index osteoporosis-related fracture. Propensity score-weighted demographic and clinical characteristics are displayed in Appendices A and B (available in online article). With the exceptions of health plan type and geographic region, the propensity score weighting procedure balanced the demographic and baseline clinical characteristics across treatment cohorts.
Demographic and Clinical Characteristics
Persistence and Compliance
Propensity score weight-adjusted 12-month persistence and compliance rates are displayed in Figure 2 . Within the overall 
Baseline Clinical Characteristics (Unweighted)
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ant (OR = 6.25; 95% CI = 5.21-7.25; P < 0.0001) compared with ibandronate users. This pattern of results was also observed for comparisons of denosumab patients with those treated with risedronate (OR = 5.56; 95% CI = 4.78-6.76; P < 0.0001 for persistence; OR = 7.69; 95% CI = 6.54-9.26; P < 0.0001 for compliance), raloxifene (OR = 3.13; 95% CI = 2.61-3.80; P < 0.0001 for persistence; OR = 4.35; 95% CI = 3.52-5.15; P < 0.0001 for compliance), and teriparatide (OR = 1.59; 95% CI = 1.23-2.04; P < 0.0001 for persistence; OR = 2.44; 95% CI = 1.92-3.17; P < 0.0001 for compliance).
Subgroup Analysis: Patients at High Risk for Fracture
Patients at high risk for fracture included those aged 70 years and older (n = 3,840); those aged 50 years and older with a fracture during the pre-index period (n = 1,433); and those aged 50 years and older receiving osteoporosis therapy during the pre-index period that was discontinued at least 3 months prior to index (n = 3,347). Taken together, these criteria identified 6,187 unique patients for the high-risk subgroup analysis. The mean (SD) age of this subgroup was 71.9 (10.9) years. During the baseline period, 49.2% of these patients had an osteoporosis-related therapy, and 23.2% had an osteoporosisrelated fracture (results not shown in tabular form). Figure 3 displays the propensity score weight-adjusted 12-month persistence and compliance rates for this subgroup. As shown in study population, 4,251 patients (39.1%) were persistent, and 3,927 (36.2%) patients were compliant with their index therapies. Propensity score weight-adjusted 12-month persistence with the index medication was highest among patients treated with denosumab (68.3%), followed by teriparatide (59.1%), raloxifene, (42.0%), alendronate (35.1%), ibandronate (33.8%), and risedronate (28.9%; P < 0.0001). Similarly, the propensity score weight-adjusted 12-month compliance rate was highest among patients treated with denosumab (71.3%), followed by teriparatide (52.2%), raloxifene, (38.4%), alendronate (31.3%), ibandronate (30.4%), and risedronate (25.6%; P < 0.0001). As noted in the Methods section, first subsequent claims for denosumab appearing within 90 days of the index claim (n = 46) were not considered returns and thus were not included in the assessment of persistence and compliance outcomes. Table 3 displays the propensity score weight-adjusted odds ratios (OR) and associated 95% confidence intervals (CI) from the logistic regression models predicting persistence and compliance with the index therapies over the 12 months of follow-up. Patients newly treated with denosumab had significantly greater odds of being persistent (OR = 4.17; 95% CI = 3.69-4.83; P < 0.0001) and compliant (OR = 5.88; 95% CI = 5.10-6.71; P < 0.0001) than those treated with alendronate. Denosumab users were also significantly more likely to be persistent (OR = 4.55; 95% CI = 3.85-5.29; P < 0.0001) and compli- 
Persistence was indicated by continuous use of index therapy during the follow-up period without exceeding a gap of 60 days following the end of the days' supply of the last observed claim for the index therapy. Compliance was defined as medication coverage ratio (MCR) ≥ 0.80 where MCR is the total days supplied from all refills of the index therapy, divided by 365 days. ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.
Persistance and Compliance with Osteroporosis Therapies Among Women in a Commercially Insured Population in the United States
sensitivity analyses using a shorter baseline period and varying gap allowances in the assessment of persistence are also consistent with the findings of the primary analysis.
The high rates of persistence and compliance observed among patients treated with denosumab in the present U.S. study are slightly lower than those reported in studies from other countries. For example, in a prospective single-arm observational study of 935 patients in the United States (n = 632) and Canada (n = 303), more than 80% of denosumab recipients persisted with therapy at 12 months. 20 In a study of treatment persistence in Swedish women initiating denosumab for postmenopausal osteoporosis, 83% of women were persistent at 12 months. 26 This study shows that less than half of patients treated with oral therapies discontinue treatment within 1 year, a finding that is consistent with previous work. 17 Taken together, these findings suggest that women receiving denosumab treatment for osteoporosis have significantly higher persistence and compliance rates compared with similar patients receiving other therapies used in clinical practice.
The economic burden of osteoporosis-related fractures in the United States is estimated to be approximately $20 billion. 27 Poor medication persistence is a primary explanation for suboptimal clinical benefit of therapy.
11 Medication persistence is poor in many chronic conditions, including diabetes, hyperlipidemia, and osteoporosis. 28 Logically, any measure that helps patients comply with treatment may improve the overall effectiveness of therapy. The advantage of denosumab may be attributed to improved tolerability, its simplified dosing schedule, and its route of administration and related requirement of administration by a health care professional, relative to other studied osteoporosis therapies.
For the nonbisphosphonate medications, effective prevention and management of osteoporosis requires consistent, long-term therapy, since the effects of the medications wane with discontinuation. 29 In contrast, residual benefits of therapy may occur with the bisphosphonates following discontinuation. Figure 3 , persistence with the index medication was highest among patients treated with denosumab (68.8%), followed by teriparatide (58.3%), raloxifene, (43.0%), alendronate (36.0%), ibandronate (33.4%), and risedronate (28.0%). The adjusted compliance rate varied from 70.2% for denosumab users, 51.1% for teriparatide users, 40.4% for raloxifene users, to 25.0%-32.8% for oral bisphosphonate users. The odds of being persistent and compliant across treatments favored denosumab (for persistence OR = 1.62 to 5.75, P < 0.0001; for compliance OR = 2.36 to 7.25, P < 0.0001).
Sensitivity Analyses
As previously noted, sensitivity analyses were conducted around the 24-month pre-index continuous enrollment requirement; analyses were also conducted with patients with 6 months of continuous pre-index enrollment. Further, sensitivity analyses using 30-and 90-day gap allowances in the definition of persistence were conducted. Coefficients from each model were plotted to assess agreement. Parameter estimates from the models based on the cohort with 6 months of continuous pre-index enrollment were in agreement with those from the cohort with 24 months of continuous pre-index enrollment. Parameter estimates from models estimated using 30-and 90-day gap allowances in the persistence and compliance outcomes were also in agreement with those using a 60-day gap allowance (Table 4) .
■■ Discussion
This retrospective, observational cohort study based on realworld data showed considerable variation in persistence and compliance with osteoporosis therapy. Within this population of women initiating a new osteoporosis therapy, those receiving treatment with denosumab had considerably higher rates of persistence and compliance compared with patients treated with other therapies. The findings are similar in the subgroup of patients who were at high risk for fracture. Results from As such, drug holidays may be indicated for certain clinical scenarios (i.e., as indicated by T-score, risk factors, treatment length, and age) among patients treated with bisphosphonates. 30 Improved persistence and compliance have been shown for denosumab relative to once-weekly alendronate. 18, 19 This study is the first to compare persistence and compliance of patients treated with denosumab to those treated with a range of medications currently prescribed for the treatment of osteoporosis in the U.S. setting. Injectable medications are generally under the supervision of health care professionals, which may lead to improved persistence and compliance. Optimal persistence and compliance may be harder to achieve with medications that have inconvenient and complicated dosing requirements or undesirable side effects. More convenient and simpler dosing schedules hold promise for improving persistence and compliance with osteoporosis therapies.
Limitations
The present study examined utilization of different osteoporosis therapies-it did not examine fracture outcomes or the costs associated with osteoporosis therapies. In addition, only patients newly initiating an osteoporosis therapy in the first quarter of 2012 were included. Also, because compliance is dependent upon the number of days of medication supplied, patients receiving 60-or 90-day supplies of their medications via mail order would have fewer opportunities for gaps in therapy than patients obtaining their medications through a retail pharmacy. Similarly, patients treated with medications with fewer doses during the 12-month follow-up also had fewer opportunities to exceed the permissible gap in therapy. That some medications are associated with fewer opportunities for gaps in therapy than others, however, does not reduce the value of examining compliance with therapies of different dosing frequencies. 31, 32 As with most health insurance claims-based retrospective studies, the present analysis is subject to several limitations that merit consideration. First, the data may be susceptible to selection bias and confounding factors. However, the propensity score weighting procedure did reduce the potential for confounding by achieving balance in most of the measured demographic and baseline clinical characteristics across the treatment cohorts. Second, the analyses were conducted using health care claims data, which are collected for billing rather than for research purposes and are subject to data coding limitations and data entry error. Third, persistence with therapy was estimated using outpatient pharmacy and/or medical claims adjudicated during the study period. While office-administered medications reflect the receipt of therapy, it cannot be assumed that medications obtained in the outpatient pharmacy setting were taken as prescribed. Additionally, data do not capture prescriptions written but not filled. Fourth, due to the length of follow-up, this analysis did not include 
